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Abstract

The UMLS Semantic Network and Metathesaurus are two
complementary knowledge sources. While many stedies
pare relationships across the two structures, trignment
has never been attempted. We applied two methaskslban
lexical and conceptual similarity to aligning theerBantic
Network with the UMLS Metathesaurus. Approximatelyg
thirds of the semantic types could be aligned bBicé simi-
larity. Conceptual similarity suggested mappingsgiinbut ten
cases. Potential applications enabled by the alignimare
discussed, namely auditing the consistency betvleerSe-
mantic Network and the Metathesaurus and extendirey
Semantic Network downwards. The relative contridyutand
limitations of the two methods used for the alignhare also
discussed.
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I ntroduction

One of the distinctive features of the Unified Meadi Lan-
guage Systefh(UMLS®) compared to other terminology sys-
tems is the existence of two complementary yetpeddent
knowledge sources: the Metathesafirus large repository of
inter-related concepts coming from some 60 famitébio-
medical vocabularies, and the Semantic Networkmalls
manually curated set of high-level categories {edademantic
types — and relations expressing definitional keolgke. Most
noticeably, the two structures are related togelyecategori-
zation links assigned by the UMLS editors. Eachcepi inte-
grated in the Metathesaurus is assigned (at leastsemantic
type from the semantic network, independently sfhierar-
chical position in a source vocabulary. The ratierfar this
two-level structure is to provide a uniform semesitto the
concepts “regardless of the particular structure¢hef source
vocabulary” [1].

Because it consists of broad categories, the Sémdatwork
is often presented as the overarching knowledgectsire,
while the Metathesaurus, containing essentiallgrfigrained
concepts, is represented underneath it. Accordirigly cate-

gorization relation of a concept to a semantic tigpgenerally
interpreted ass a kind of semantic types subsuming concepts
[2]. Not all Metathesaurus concepts, however, are-f
grained. Concepts close to the root in vocabuléeyahchies
are indeed at the same level as most semantic. types, in
addition to the categorization links between them&atic
Network and the Metathesaurus, one could imagimeoge
direct junction, realized by those high-level cquisewhich
have an equivalent in the Semantic Network. Fongte, the
conceptVitamins (C0042890) is equivalent to the semantic
type Vitamin(T127).

Our objective is to investigate the equivalenceveen seman-
tic types and concepts. In other words, we wardlign two
UMLS knowledge sources: the Semantic Network are th
Metathesaurus. The underlying hypothesis is thatetlexists
some resemblance, both lexical and conceptual, degivthe
two structures. Lexical similarity exists when aacept and a
semantic type have similar names (evitaminsandVitamin).
Conceptual similarity comes from the equivalencevben the
categorization relationship (between a semanti® tgpd a
concept) and hierarchical relationships in the Muetsaurus
(between a high-level concept and finer-grainedcepts). In
practice, conceptual similarity is measured bydkerlap be-
tween the set of concepts having a given semay& ¢n one
hand, and the set of descendants of a given corigeihte
Metathesaurus on the other.

In this paper, we applied two methods based orcéddxand
conceptual similarity to aligning the Semantic Neitkv with
the UMLS Metathesaurus. After a brief review ofatetl
work, we present these two methods and some qiiaitee-
sults. We then give an extended example beforeisksng the
applications of the alignment of these two strussur

Background

The general framework of this study is that of dlignment of
knowledge structures. The following clues, mentibbg sev-
eral authors (e.g., [3, 4]) can be used to askessduivalence
between concepts across knowledge structures:



* their names are similar;
« their definitions are similar;

« their relations (both hierarchical and associatite)
other concepts are similar.

Similarity based on concept names can be assegsest)bir-
ing an exact match or using edit distance. Sophisd tech-
niques such as normalization, based on knowledgatabrm
variation, can be used. Word-sense ambiguity ishigaltion of
this method and may result in false positives. Birty based
on definitions is difficult to assess automaticatiythe absence
of a formal representation (e.g., in descriptiogide [5]).
Conceptual similarity is based on the relations @bncept to
other concepts. For hierarchical relations, methuae been
developed for comparing taxonomies. For associatéla-
tions, similarity is based on shared slots, i.enjlar associa-
tive relations to other concepts.

In aligning the Semantic Network with the Metathesa, our
task differs from the general case. Although seiodppes all
have a textual definition, this is not the cas¢hefMetathesau-
rus concepts, ruling out the use of definition-lbasenilarity.
In many cases, the associative relationships arnongepts in
the Metathesaurus are not precisely labeled, makufifficult
to compare them reliably to associative relatiopshamong
semantic types. Therefore, the two methods availgbr
aligning the Semantic Network with the Metathesauaue
lexical similarity and conceptual similarity basexl hierarchi-
cal relations.

Our contribution is not to develop a novel techeidor align-
ing knowledge structure, but rather to adapt engstiech-
nigues to the specificity of two biomedical knowdedstruc-
tures, the Semantic Network and the Metathesaurus.

Materialsand Methods

Preparing the UM L S knowledge sour ces

The UMLS' has been developed and maintained by the U.S.
National Library of Medicine since 1991. The versiof the
UMLS used in this study is 2003AA, released in Zamu
2003. In this version, the Semantic Network cong®id35
semantic types and 558 relations among them. lirasm the
Metathesaurus comprises 875,255 concepts and manell
million relations among concepts.

As noted in other studies [e.g., 6], cycles caridoumd among
the hierarchical relations in the MetathesaurusicSia di-
rected acyclic graph is required for computingateli lists of
descendants for Metathesaurus concepts, we useglalysl
modified version of the Metathesaurus from whichk timks
responsible for the cycles have been removed.

M apping Semantic Type names to the M etathesaurus

Each semantic type name was mapped to the Metattussay
first attempting an exact match and, if necessangrmalized
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match. Normalization makes semantic type names atiblp
with concept names by abstracting away from suebsential
differences as punctuation, word order, and casehgphen
variation.

However, some semantic type names exhibiting coatihin
(e.g.,Disease or Syndromere not expected to map to a sin-
gle Metathesaurus concept. To address this isseejesom-
posed the semantic type names. For example, thestais
easeand Syndromewere extracted from the original semantic
type Disease or SyndromeAdditionally, when present in a
semantic type name to be decomposed, modifiers distieb-
uted as required. For exampRody Space or Junctiowas
transformed int@ody SpacendBody JunctionAll mappings
were reviewed manually by the authors for accuany dis-
ambiguation in case of mapping to multiple concepts

Establishing sets of concepts

The extension of a semantic type is the set of eptscthat
have been assigned this semantic type. It is eabilyined by
a simple query on the UMLS table MRSTY. In contrastab-
lishing the list of all descendants for a given aept requires
computing the transitive closure on hierarchicddtienships.
Parent-child and broader-narrower relationships wsed in-
terchangeably in this process.

Comparing sets of concepts

In order to compare the extension of a semantie ¢i) with
the set of all descendants of a Metathesaurus pokibg, we
computed similarity coefficients measuring the @egof over-
lap between the two sets. Various coefficients hasen de-
veloped, each having slightly different mathematjpaper-
ties. All coefficients, however, compare the caatity of the
intersection to that of each set. In this studyuse three simi-
larity coefficients: cosine, Jaccard, and Dice [n].all three
cases, their value varies from 0 (indicating digjciets) to 1
(indicating total overlap). The three similarityefficients are
defined as follows:

. AB . AB . 2*AB
S'”l:osine‘\/m S'”haccard‘A+B_AB SlrTbice— A+B
where A and B represent the cardinality of the tsets and
AB that of their intersection.

It is beyond the scope of this paper to presemtailéd, quali-
tative analysis of the comparison betweepdad Q. Only
quantitative results are reported.

Results

Lexical smilarity

Out of the 135 semantic type names, 32 contaircéimgunc-

tion or. None of these complex names mapped to a Metathe-
saurus concept. Transforming these complex namedeas
scribed earlier yielded 69 simple names. A total @2 names
was mapped to the Metathesaurus. After manual we\i®6
mappings were deemed relevant (e.g., semanticQyganism



to conceptLiving Organism}¥ while no valid mapping could
be found for 66 names (e.diologic Function Temporal
Concept. Ten ambiguous mappings were disambiguated
manually.

Conceptual smilarity

For the similarity between the extension of a sdinaype
(Es) and the set of all descendants of a Metathesaansept
(Do), the three coefficients were systematically coteguor
each (B, D) pair and gave generally consistent results. We
only report cosine values for brevity. The top oesvalues
observed for each semantic type ranged from .0099943.
The frequency distribution of the top cosine valfggsthe 135
semantic types is shown in Figure 1. Example ofilafity
values for (B, D) pairs are given in Table 1.
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Figure 1 — Frequency distribution of the top cosuadues for
the 135 semantic types
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Table 1 — Similarity between semantic types andepis

Sem. type Concept Cosine
Amphibian Amphibia C0002668 | .9943
Reptile Leptosauria  C0999079 | .9729
Gene or Genome Cancer Gene<C0919431 | .6781
Anatomic Structure| Organ Cc0178784 | .5447
Immunologic Fac- | Immunology  C0152036 | .3242
tor

Although reflected in the value of the similaritpefficients,
the number of concepts specific to each set (@t,in their
intersection) must be considered for selecting (&) pairs.
For example, the highest cosine value Gane or Genoms
with Cancer Geneg.6781) and the intersection of the sets
contains 358 concepts. The cosine value of the samantic
type with the concepBenesis indeed slightly lower (.6466),
but the intersection of their two sets contains enooncepts

(472). The difference in the cosine values comes fa larger
number of concepts specific to each set in therlatise.

Lexical vs. conceptual similarity

In 106 cases, a semantic type name (or part thenesf suc-
cessfully mapped to a Metathesaurus concept thréagbal
similarity. In 60 of these cases, the concept mdppewas
present in the top 25 concepts identified as catdgfor this
semantic type through conceptual similarity. In tases, the
concept mapped to had no descendants and theoefolcknot
participate in conceptual similarity. In the reman36 cases,
semantic type name and concept names exhibitechlesimi-
larity and limited conceptual similarity.

Extended example

The highest cosine value (.9943) was observed leetviee
semantic typeAmphibian and the concepfmphibia More
precisely, out of the 1135 concepts assigned timastc type
Amphibian 1124 were common to the 1126 descendants of
the conceptAmphibia This almost perfect case of overlap
between the extension of a semantic type and theeddants

of a concept is ideal for examining in detail the/foutliers.

The two descendants éfmphibianot assigned the semantic
type (ST) Amphibian are Tadpoles(ST: Invertebrat¢ and
Toad licking (ST: Pharmacologic SubstangeTadpoleswas
assigned the parent semantic typéofphibianinstead of the
most precise semantic type, but it should be platte exten-
sion of Amphibian Toad lickind is correctly not categorized
as Amphibian Its presence among the descendant#rof
phibia, though surprising, can be explained by an inateur
child relationship tdBufo (a toad). This relationship, although
used in a vocabulary to create a hierarchy, ishaeitaxo-
nomic not partonomic. It simply is an associatig&tionship,
possibly useful for information retrieval tasks loietrimental
in this context.

In the extension of the semantic tyfimphibian ten concepts
are not descendants of the conc&ptphibia Of these, seven
are descendants of the concepiclassified rana Although
categorized aAmphibian this concept has no parents, thus no
hierarchical relations to the conceptphibia This is a case
of missing hierarchical relation in the MetathesaurTwo
parents of the concepimphibig Amphibians and Reptilesnd
Tetrapodaare incorrectly categorized @snphibian(in both
cases, their semantics is broader). Even moreisungly, the
concepftClass reptiliais incorrectly categorized @snphibian
not Reptile

Discussion

Although aligning knowledge structures may congtit@an
interesting endeavor in and of itself, even moteresting are
the applications enabled once the structures aigneal,

2 The skin of Bufo alvarius allegedly contains ainghogenic tryp-
tamine



namely auditing the consistency between the Semaiei-
work and the Metathesaurus and extending the Serdat-
work downwards. The relative contribution and leiibns of
the two methods used for the alignment will alsobbiefly
discussed.

Auditing consistency

Several authors have reported semantic inconsisterme-
tween Semantic Network and Metathesaurus relatioinsino,
for example, detected inconsistent hierarchicalti@hs in the
Metathesaurus based hierarchical relations betwasme-
sponding semantic types and suggested additionakbiste
Network relations based on the existence of cooeding
relations in the Metathesaurus [6]. In a previougly we
found that 13% of the Metathesaurus relations (haharchi-
cal and associative) were in violation of Semamitwork
relations [8].

However, these studies analyzed Metathesaurusoreabne
at the time rather than by sets. Comparing sets prayide a
more global auditing method for the consistencyvien the
two structures. Ideally, there would be a largerlayebetween
the extension of a semantic typey)Rvith the set of all de-
scendants of a Metathesaurus concepk (Che pair Amphib-
ian, Amphibig is an illustration of this situation. Most often,
however, R fails to completely cover&and contains specific
concepts. In this case, a more detailed analysieésled to
determine the exact causes. A limited review letbudentify-
ing four major causes:

» A wrong semantic type assignment results in corscept

presentin Eand notin Q.

» A missing semantic type assignment results in qatisce
present in Rand not in E.

» A wrong hierarchical relation in the Metathesaurgs
sults in concepts present in &8nd not in E.

» A missing hierarchical relation in the Metathesaumer
sults in concepts present ig Bnd not in .

Most of these situations were encountered in thenebed ex-
ample presented earlier.

Extending the Semantic Network downwar ds

Many studies conducted recently have proposed wsiréen-
hancements of the Semantic Network. While mostistusug-
gest adding relations [e.g., 9], some also sugdesiding new
semantic types, often for improving the coverageadfiven
subdomain [e.g., 10]. The alignment with the Metaturus
provides a more general, domain-independent mefthrodx-
tending the Semantic Networks downwards. Aftercialg the
concept corresponding to a given semantic typeugirdexi-
cal and conceptual similarity, it is likely that ethfirst-
generation descendants of this concept be reasomaloldi-
dates for becoming subtypes of the semantic type.ekam-
ple, from the concepEhromosomal and cytologic alterations
(identified as a possible mapping for the semampe Cell or
Molecular Dysfunctio)) the following first-generation de-
scendants may arguably provide subtypesClelt or Molecu-

lar Dysfunction Extracellular alteration Membrane altera-
tion, Cytoplasmic alterationand Genetic alteration The re-
maining descendant is of lesser interest h&bmérmal cel).

In practice, however, the process of extending Skenantic
Network downwards may be difficult to automate $mveral
reasons. There will often be a large number (sédazen) of
first-generation descendants. In a well-formed drighy, only
a fraction of them should become subtypes. Whilectiag
these concepts requires expertise of the domaah ao ap-
proach may facilitate the work of experts, compaedreat-
ing a hierarchy from the top down. Additionally,chese hier-
archical relations in the Metathesaurus sometiméleat the
particular view of a given source vocabulary ratthemn taxo-
nomic or meronomic relations, subtype candidatéectsd by
this method must be reviewed manually for accueamy com-
pleteness.

Relative contribution and limitations of each method

The alignment based solely on lexical similaritysisbject to
two major types of errors. False Positives comemfro
polysemy (e.g., the semantic tyfea [thought] and the con-
cept Idea [organism]). False negatives come from missing
synonymous terms in the Metathesaurus (e.g., thearséc
type nameAnatomical Junctioris not a name for the concept
Body Junctiolp missing Metathesaurus concepts (e.g., for
metaclasses such @sganism Attributein the Semantic Net-
work), or the inability of matching algorithms taudle differ-
ences in concept names.

To address this issue, it is possible to complertteniexical
matching with other techniques. For example, trsingr a
well-organized terminology such as the Medical 8abHead-
ings (MeSH), starting from a close subsumer ofgbmantic
type of interest and navigating downwards may ctuteta

useful strategy, albeit requiring manual selectigra domain
expert. For example, the concepharmaceutical Prepara-
tions whose MeSH definition is ‘drug intended for hunman
veterinary use, presented in their finished dosage’ corre-

sponds to the semantic type f@linical Drug. It can be
reached from the top-level conce@hemicals & Drugsin

MeSH.

In this study, we proposed a more automatic saiubiased on
conceptual similarity. The limitations of this methlie in the
difficulty of determining a threshold on similarigpefficients
for selecting the mappings automatically. Howevere
showed that, in presence of lexical similarity, tanceptual
similarity method was able to identify the lexicahpping as
part of the top 25 concepts in 57% of the casesighis
method may require some degree of manual inteenbut
considerably less than for an entirely manual magpMore-
over, conceptual similarity was able to detect nieggpin the
absence of lexical similarity. For example, althou lexical
mapping was found for the semantic typgiry or Poisoning
the conceptnjury, poisoning, and procedural complications
was identified as a possible match by conceptuallagiity
with a cosine value of .6866.



Futurework

This preliminary, quantitative analysis of the aligent of the
Semantic Network and the Metathesaurus must bavietl by
an in-depth, qualitative analysis. We also plarptmsue the
potential applications presented above: auditingyasgic type
assignment and hierarchical relations in the Metdhrus and
extending the Semantic Network downwards.
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